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FOREWORD 
Health effects of fine particles (PM2.5, particle diameter Dp<2.5 µm) in the atmosphere 
have recently received increased attention. The major sources for primary fine particles 
emitted directly into the atmosphere are fuel combustion in stationary and traffic 
sources, and industrial processes. In this study, a Finnish calculation model was 
developed for total suspended particle (TSP), PM10 and PM2.5 primary emissions from 
stationary combustion sources, i.e. energy production in power plants and industry, and 
small-scale combustion in the domestic sector. The emission factors were determined 
based on a literature review. The emissions were calculated for the years 1990 and 
1995. This study developed a basis for the overall estimation of fine particulate 
emissions and indicated guidelines for future work. 
This study was mainly carried out during the Young Scientist Summer Program (YSSP) 
2000 at International Institute for Applied System Analysis (IIASA). The development 
of the Finnish calculation system of particulate emissions was part of the RAINS PM 
module development work in the Transboundary Air Pollution (TAP) Project. The 
author wishes to acknowledge the whole TAP Project team for helpful discussions. I 
thank K. Grönfors at the Statistics Finland for information about national emissions, and 
S. Syri and M. Johansson at the Finnish Environment Institute and M. Ohlström at the 
Technical Research Centre of Finland for valuable comments during the finalization of 
this report. The Ministry of the Environment is gratefully acknowledged for financial 
support of the project. 
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1 INTRODUCTION 
There is growing concern relating to the health effects of fine particles. Recent studies 
have demonstrated consistent associations between concentrations of fine particulate 
matter and adverse effects on human health (respiratory symptoms, morbidity and 
mortality) at concentrations commonly encountered in Europe and North America. 
Consequences for public health may be considerable (e.g. Kunzli et al. 2000). At 
present it is not known which factors in fine particles are critical with regard to the 
health effects; is it the size of the particles, their mass or number, or chemical 
compounds they contain. 
Airborne suspended particulate matter can be either primary or secondary in nature. 
Primary particles are emitted directly into the atmosphere either by natural or 
anthropogenic processes. Secondary particles have predominantly man made origin and 
are formed in the atmosphere from oxidation and subsequent reactions of sulphur 
dioxide, nitrogen oxides, ammonia and volatile organic compounds. 
The main anthropogenic emission sources of primary particles are fuel combustion, 
industrial processes and other dust sources, such as non-exhaust emissions from 
transport sources (road abrasion, tyre and break ware), agriculture, construction etc. 
Natural sources include e.g. wind erosion of natural soils and sea salt. Dust particles 
from non-combustion and non-industrial sources are mainly relatively large in size. 
Primary fine particles (PM2.5, particle diameter Dp<2.5 µm) originate mainly from 
combustion and industrial processes. Sulphur dioxide and nitrogen oxides, the main 
precursors of secondary inorganic particles, are also emitted from combustion and 
industrial processes. 
Atmospheric particle concentrations are affected both by local and transboundary 
pollution. Both fine primary particles and precursors of secondary particles can be 
transported long distances. Particle concentrations in urban cities are typically 
dominated by emissions from local sources, mainly traffic. In residential 
neighbourhoods where there are lots of single-family houses heated with wood, 
particles from wood combustion may locally contribute to remarkable concentrations of 
fine particles, especially in cold winter days when all the heating devices are on and the 
mixing of atmospheric layers is poor (e.g. Leese et al. 1989 cited in McDonald et al. 
2000). Outside of central urban areas transboundary impacts are more important. 
Secondary particles, which are largely of transboundary origin, typically contribute to 
main part of fine particle concentrations in rural background areas (EMEP 2000). 
Integrated assessment models have been used to identify least-cost strategies to control 
multiple precursor emissions leading to acidification, eutrophication and ground-level 
ozone at European level (e.g. Amann et al. 1999). These models include the emissions 
of sulphur dioxide, nitrogen oxides, ammonia and volatile organic compounds from all 
the emissions sources, long-range transport of the pollutants, atmospheric 
concentrations and effects to the environment. A similar approach has been utilized at 
national level in Finland (e.g. Johansson et al. 2000, Ministry of the Environment 
1998). The existing framework of the international level RAINS model has recently 
been extended to address control strategies for fine particulate matter (Lukewille et al. 
2001). 
This report concentrates on Finnish primary particulate emissions from stationary 
combustion sources, i.e. energy production in power plants and industry, and small-
scale combustion in the domestic sector. Information on activity levels, emission factors 
and implementation of control technologies in Finland were gathered using available 
literature sources, and an emission calculation system was developed. The emissions of 
total suspended particles (TSP), PM10 and PM2.5 were calculated for Finland for 1990 
and 1995. The calculated TSP emissions were compared to the values in the national 
statistics. 
2 FORMATION OF PRIMARY PARTICLES IN COMBUSTION 
PROCESSES 
Formation of primary particulate emissions in combustion is a complicated process. 
Especially the formation processes of fine particles (PM2.5, particle diameter Dp<2.5 
µm), depending on e.g. fuel characteristics, combustion technique, combustion 
temperature and other combustion conditions, are not entirely known. A concise 
information on particle formation is given in a short and simplified way in this chapter. 
More detailed presentations can be found e.g. from Moisio (1999) on combustion of 
solid fuels, Lind (1999) on fluidized bed combustion, Flagan and Seinfeld (1988) on 
pulverized fuel and heavy fuel oil combustion and Ålander (2000) on diesel, light fuel 
oil and domestic wood combustion. 
Combustion processes form particles of different sizes. Largest particles retain in the 
boiler, and are extracted from the process with bottom ash. Smaller particles, typically 
<100-300 µm, entrain in the combustion gases, forming so-called combustion aerosols, 
or fly ash. Part of the combustion aerosol particles might deposit onto the boiler walls or 
heat exchanger surfaces. Usually in power plants and industry major part of the particles 
departing from the boiler are currently removed with emission control appliances, such 
as electrostatic precipitator (ESP) or cyclones. 
Total particle mass of the emissions is called total suspended particulate (TSP) 
emissions. The particles with diameter smaller than 10 µm are usually called respirable 
particles, or particulate matter (PM or PM 10). The respirable particles can be further 
divided to fine (PM2.5, particle diameter Dp<2.5 µm) and coarse (DP= 2.5-10 µm) 
particles. 
Primary particulate emissions from combustion processes can be divided into two 
categories according to their origin: (1) ash, i.e. a combustion product formed from non-
combustible mineral constituents in fuel, and (2) carbonaceous particles, e.g. char, coke 
and soot, which are formed by pyrolysis of unburned fuel molecules (Flagan and 
Seinfeld 1988). For solid fuels in controlled combustion conditions, e.g. in power plants 
and large industrial boilers, ash-forming species are the main source of particles. For 
instance, in pulverized fuel (PF) combustion of coal the share of unburned fuel in total 
particulate emissions is normally less than 5 percent (Lammi et al. 1993). Emissions 
from fluidized bed (FB) combustion contain also particles of the bed material and, when 
limestone injection into the boiler is used, also particles originating from limestone. The 
share of carbonaceous particles is normally high for the combustion of liquid fuels, and 
small-scale combustion of solid fuels. 
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Particle size distributions of particulate emissions depend on many factors. Different 
combustion processes produce different particle size distributions, depending on e.g. 
used combustion technology, fuels and emission controls. Also particle compositions 
vary widely. Ash-forming minerals form particles of different sizes depending on e.g. 
mineral matter composition and combustion conditions. The mineral matter, occurring 
as mineral inclusions or heteroatoms, consists of refractory metal oxides (Si02, MgO, 
FeO, A1203 etc.) and more volatile species (Na, K, Cd, As, Pb etc.). The refractory 
compounds are not directly volatilised in temperatures present in normal combustion 
processes, and they form mainly relatively large sized particles (1-50 µm). The volatile 
compounds volatilize in high temperatures. Also a small part of the refractory species 
might volatilize in reducive high temperature conditions. Volatilized species then form 
mainly very small particles (0.01-0.5 µm) via nucleation, condensation, agglomeration 
and coagulation. (Flagan and Seinfeld 1988) 
Liquid fuels do not normally contain as much ash-forming species as coals. From heavy 
fuel oil boilers major part of the particulate mass emitted is unburned carbonaceous 
coke particles. Coke particles are relatively large in size (1-50 .im). Particles from the 
combustion of diesel or light fuel oil are mainly soot and organic compounds adsorbed 
or condensed on the surfaces of the soot particles. These particles are very small (0.01-
0.5 µm) (Flagan and Seinfeld 1988). 
Also the combustion of solid fuels may produce high amounts of soot, especially in 
poorly controlled combustion conditions. Particles from small-scale wood combustion, 
utilized typically in the domestic sector, are mainly soot and condensed organic 
compounds (Alander 2000). 
Combustion of light fractions of oil, e.g. gasoline, and gaseous fuels typically produce 
small carbonaceous particles with high fractions of organic compounds and very low 
emission factors (Hildemann et al. 1991). 
3 METHODOLOGY AND DATA SOURCES 
3.1 Methodology 
Particulate emissions em were calculated from activity data a (i. e. primary energy 
consumption), unabated emission factors of (i.e. emission factors before emission 
control devices) and emission removal efficiencies 77 of various emission control 
technologies which can be applied to each sector-fuel type combination with certain 
penetrations x. The emissions of total suspended particles (TSP) are: 
emTSPi,j k (t) = 	(1 - lTSPi,j,k ) . x i,j,k (t) . ai,l (t) . of TSPi j 	 (1) 
i 	j 	k 
where t = time, i = fuel, j = sector / combustion technology and k = control technology. 
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The unabated emission factors of PM10 and PM2.5 were derived from unabated TSP 
emission factors using the fractions of PM 10/TSP /M10 and PM2.5/TSP / W.5 
correspondingly. The emissions of PM10 and PM2.5 are: 
e111PM10;,1,k (t) = 	(1 - 11PM]
O
;,j,k) • Xi,1,k (t) a(  t) . y
PMIO i j  . of 7SP;,1 	 (2) 
i 	 j 	k 
em PM2.5;J,k(t) =III (1 - 11PM2.5k ) ' X i,l,k (t)  ai,J(t). PM2.5ij.efTSP;,1 	 (3) 
i j k 	 J  
Both the unabated emission factors for TSP and the size fractions of PM10/TSP and 
PM2.5/TSP are fuel and combustion technology dependent. However, due to lack of 
available size distribution data in this stage of the study, the unabated size fractions are 
only combustion technology dependent for all the emission sources apart from oil 
combustion. 
3.2 Activity data 
The activity data, i.e. primary energy consumption in 1990 and 1995, were gathered 
from the national energy statistics (Statistics Finland 1999) (Appendix 1). 
The use of different kinds and ages of wood stoves, boilers, ovens and fireplaces in the 
domestic sector was estimated based on inventories of heating devices use in Finland in 
1988 and 1992/93 (Tuomi 1990, Tuomi and Mattila 1996) and the national statistics 
(Statistics Finland 1999). Domestic heating using combustion of wood in small-scale 
boilers, stoves and ovens is very common in Finland. Combustion of other solid fuels, 
peat and coal, in the domestic sector is not very common. 
3.3 TSP emission factors 
3.3.1 Power plants and industry 
The unabated TSP emission factors in power plants and industrial boilers used in the 
emission calculation in this study were based on the estimates presented by Lammi et 
al. (1993). For oil boilers, however, where there were no particle controls in use, the 
TSP emission factors based on the emissions and fuel use reported by Finnish power 
plants in 1995 (Ohlström 1998) were used. 
The particulate emissions from stationary combustion of gas and light fractions of oil 
were not included in this study. The emission factors for these fuels are very low, 
mainly between 0.05 and 1 mg particles per MJ (Dreiseidler et al. 1999, Hildeman et al. 
1991). Appendix 2 includes a summary of the national data used in the estimation of 
TSP emission factors in power plants and industry. All the TSP emission factors used in 
the emission calculation are presented in Table 1. 
3.3.2 Domestic sector 
There were very little data available in the literature on TSP emission factors of 
domestic combustion. The emission factors for peat and oil used in this study are based 
on the estimates of UBA (1999) cited in Dreiseidler et al. (1999). 
Various estimates of emission factors of domestic wood combustion presented in the 
literature vary greatly. Different types of small boilers, stoves, ovens and fireplaces 
produce various amounts of particles, depending strongly on combustion technology, 
wood type, dry matter content and log/chip size of the fuel. Furthermore, the 
combustion technique, how `correctly' or `wrong' the combustion device is used, has 
strong effect on emissions. 
The particulate emissions from domestic wood combustion account for considerable 
part of the total Finnish emissions. In order to improve current emission estimates and 
create a basis for more accurate emission calculation system in the future, the domestic 
wood combustion sector was divided to four different classes of fireplaces with 
different TSP emission factors. The emission factors were roughly estimated using 
available literature (Hahkala et al. 1986, Hyytiäinen 2000, Mäkelä 1995, Alander et al. 
1999, McDonald et al. 2000, Hildemann et al. 1991, Tullin and Johansson 2000, UBA 
1999 cited in Dreiseidler et al. 1999, EPA 1998 cited in Dreiseidler et al. 1999). 
— kitchen stoves, open hearths, iron stoves: 1000 mg MJ-1  
— baking ovens, accumulating stoves, stoves for sauna: 300 mg MY' 
— modem accumulating stoves, heating boilers: 100 mg MT1 
— modem heating boilers: 30 mg MY' 
3.4 PM1O and PM2.5 emission factors 
The unabated emission factors of PM10 and PM2.5 were calculated from TSP emission 
factors based on typical particle size distributions of different combustion technologies 
available in the literature. Several studies (e.g. Mohr et al. 1996, Moisio 1999, Lind 
1999) suggest that particle size distribution is strongly a function of combustion 
technology. It is evident that the size distributions are also fuel specific, since they 
depend also on e.g. ash composition of the fuel. However, there were no comprehensive 
size distribution measurement results available for many of the fuel - combustion 
technology combinations. Therefore, in this stage of the study, the unabated size 
fractions PM10/TSP and PM2.5/TSP are only combustion technology dependent for all 
the emission sources apart from oil combustion. Furthermore, many of the emission 
factor ratios used in this study were based on quite a small number of measurements or, 
in some cases, expert estimates when measurement data were not available. The 
following chapters give a summary of the assumptions made in the estimation of the 
particle size distributions for different combustion technologies. All the values of PM 10 
and PM2.5 emission factors used in the calculation are presented in Table 1. 
3.4.1 Pulverized fuel (PF) combustion 
Pulverized fuel (PF) combustion of coal is globally a very common way of energy 
utilization, and the particle formation in PF combustion of coal has been studied quite 
widely. In the process, coal is first milled to a fine powder (40-80 µm) and blown into a 
boiler. The combustion temperatures are high, reaching up to 2000 K. Because of the 
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high temperatures, the volatile species, as well as a small fraction of the refractory 
components, of the ash-forming species are effectively volatilized. Volatilized species 
form mainly small particles (0.01-0.5 µm) (Flagan and Seinfeld 1988). The fraction of 
the volatilized ash is usually less than 10 % (Quann et al. 1990). The non-volatilized 
mineral compounds form larger ash particles, usually above 1 µm (Moisio 1999). PF 
combustion of peat is somewhat analogous of PF combustion of coal (Moisio 1999). 
For PF combustion, the unabated emission factor ratio PM10/TSP used in this study, 52 
%, was based on the estimates of Ahuja (1989). The estimate of PM2.5/TSP ratio, 6 %, 
was based on the particle size distribution measurements in two coal power plants by 
Moisio (1999). Measurements in six coal-fired boilers by McElroy et al. (1982) have 
given results in the same order of magnitude for the PM2.5/TSP ratio. 
3.4.2 Fluidized bed (FB) combustion 
The theories of fine particle formation presented in the literature (e.g. Lind 1999) 
suggest that particle size distributions in fluidized bed (FB) combustion are different to 
PF combustion. Since the boiler temperatures in atmospheric FB combustion are lower 
than in PF combustion, volatilization of ash does not take place in the same extent, and 
there are less fine particles formed. In FB combustion of biomass, the fine particle mode 
below 1µm exists only if there are enough volatile compounds contained in ash (Latva-
Somppi 1998). In measurements in circulating FB combustion of forest residue 
(Valmari et al. 1999), fine-mode particles below 1 µm contributed 2 % of the total fly 
ash mass before ESP. In circulating FB combustion of coal, Lind et al. (1996) have 
measured mass concentrations in submicrometer size range to be lower than 1 % before 
ESP. 
In the coarse particle mode above 1 µm, larger fuel particle sizes in FB combustion 
produce larger ash particles than in PF combustion (Moisio 1999). Also some relatively 
large particles of bed material, and, when limestone injection into the boiler is used, also 
particles originating from limestone are entrained with the flue gases. The mean fly ash 
particle sizes before ESP in circulating FB combustion of coal have been measured to 
be 30 µm (Lind et al. 1995) and 20 µm (Lind et al. 1996). 
The unabated emission factor ratio for PM1O/TSP used in this study was estimated to be 
half of the value used for PF combustion, i.e. 26 %. The value was expert estimate by 
the author based on the theories above. The estimate of PM2.5/TSP ratio, 5 %, was 
based on the particle size distribution measurements in a sludge waste/gas bubbling FB 
boiler and a sludge waste/bark/gas circulating FB boiler by Moisio (1999). 
3.4.3 Grate combustion 
In Finland grate combustion has mainly been replaced by fluidized bed combustion 
during late 1980s and early 1990s, and nowadays it is used only in wood and peat 
combustion. Particles from grate combustion are usually relatively large, with mean size 
60-70 µm (Lammi et al. 1993). 
There were no particle size distribution measurement data available for grate 
combustion. The ratios used for FB combustion for both PM10/TSP and PM2.5/TSP 
were used also for grate combustion. 
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3.4.4 Black liquor recovery boilers 
In black liquor recovery boilers, the black liquor is heated and sprayed into the furnace 
where droplets dry and pyrolyze. A part of the droplets are entrained with the flue gases 
forming large particles, 10-1000 .im in size. Most of these large particles depart from 
flue gases already before ESP. The main fraction of the fly ash entraining ESP is very 
fine 0.1-1 .im dust, consisting mainly of Na2SO4. 
Mikkanen et al. (1999) have measured particle mass size distributions before ESP in 
four Finnish black liquor recovery boilers. The fractions of particles smaller 3 than µm 
were 95-36 %, with the average of 64 %. In the measurements of Moisio (1999), 59 % 
of the particles below 8 µm were smaller than 2.5 µm before ESP. In this study the 
ratios 90 % for PMIO/TSP and 60 % for PM2.5/TSP were used. 
3.4.5 Oil combustion 
In industrial and power plants sources in Finland, oils are combusted mainly as support 
fuels, or in peak capacity boilers. In the domestic sector the combustion of light fuel oil 
is common. 
Particulate emissions from combustion of fuel oils consist mainly of carbonaceous 
matter, i.e. coke and soot. Major part of the particulate mass emitted from the heavy fuel 
oil boilers is coke particles which are relatively large in size (1-50 µm) (Flagan and 
Seinfeld 1988). According to Lammi et al. (1993), average size of particles from oil 
combustion lies between 1 and 5 µm. 
There were very little information available about the particulate emission size ratios of 
stationary oil combustion. The size ratios used in this study are based on the estimates 
of EPA (1998) cited in Dreiseidler et al. (1999). It should be noted that EPA's estimates 
about the TSP emission factors for oils are considerably higher than the values that were 
used in this study, and based on the Finnish experiences. 
3.4.6 Domestic combustion of solid fuels 
The knowledge about particulate emissions from domestic wood combustion is at 
present in a poor level. The emissions are mainly soot particles and organic compounds 
condensed on the surfaces of the soot particles, and very small in size (Alander 2000, 
Rau 1989). In this study the ratios based on information in Dreiseidler et al. (1999) and 
Rau (1989), 100 % for PMIO/TSP and 96 % for PM2.5/TSP, were used. The same 
ratios were used also for the other solid fuels in the domestic sector. 
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3.5 Control options and removal efficiencies 
The emission removal efficiencies of various control technologies were determined 
using information from the literature. The following emission control options were used 
in the emission calculation in this study: 
- Cyclones 
- Low and high efficiency electrostatic precipitators (ESP_low and ESP high) 
- ESPs combined with other emission reduction technologies decreasing particulate 
emissions, e.g. flue gas desulphurization techniques and/or fabric filters 
(ESP+other) 
Different emission control technologies have different removal efficiencies. The 
removal efficiencies of control technologies vary also as a function of particle sizes. In 
this study, first the control technology dependent removal efficiencies were estimated 
for the size classes 0-2.5 µm, 2.5-10 µm and >10 µm using available literature (see the 
following chapters). Second, the removal efficiencies for TSP, PM10 and PM2.5 were 
calculated from these values and combustion technology dependent particle size ratios 
PM2.5/TSP and PM10/TSP. The used TSP removal efficiencies presented in Table 1 
were compared to the removal efficiencies of Finnish power plants in Appendix 2. The 
removal efficiencies for TSP, PM10 and PM2.5 are: 
PM2.5 0-2.5 
Ti 	k = 11 	k (4) 
PM10 	_ Y
PM2.5 i i .110-2.5 k + (
y 
PM10 , j _ y pH2.5 iU ). .l.l 2.5-IO k 
Ti 	i.J.k - 	 PM10 	 5`) 
Y 	~.i 
TSP - PM2.5 	0-2.5 	PMIO 	PM2.5 	2.5-10 	 PMIO 	10-TSP 
T1 	i.i,k — y 	i.j ' T1 	k+ (Y 	i.i — Y 	i.i) T1 	k + (1— y 	i.i) T1 	k 	(6) 
where PM2.5, 11PM1° and -gTSP are the removal efficiencies for PM2.5, PM10 and TSP 
respectively, ilo-2.5, ,02.5-10 and ,010-TSP the removal efficiencies for the size classes 0-2.5 
µm, 2.5-10 µm and >10 µm respectively and gPM2.5 and yPM10 the particle size ratios 
PM2.5/TSP and PM10/TSP, respectively. 
3.5.1 Cyclones 
Cyclones are relatively efficient for coarse particles. Removal efficiency lies usually 
around 90 % for the particles larger than 15-20 µm, and the efficiency decreases sharply 
with particle sizes below 5 µm (Flagan and Seinfeld 1988). If the particles are mainly 
small in size, like e.g. in heavy fuel oil combustion, the removal efficiency can reach 
only 50-60 %. The removal efficiencies for different size ranges used in this study were 
expert estimates by the author: 
Cyclone: 
- 50%for0-2.5 µm 
- 70%for2.5-10µm 
- 90%for>10µm 
15 
3.5.2 Electrostatic precipitators (ESP) 
In several studies (e.g. Carr and Ensor 1981, McElroy et al. 1982, Mohr et al. 1996, 
Ylätalo and Hautanen 1998) it has been shown that the fly ash penetration through ESP 
is strongly a function of particle size. The particles are inefficiently removed at a size 
range of about 0.1-3.0 µm. Based on the particle size distribution measurements in a PF 
coal power plant, Ylätalo and Hautanen (1998) suggest that a well performing ESP, 
with overall removal efficiency above 99 %, would let about 4 % of the aerosol particles 
go through at the size range 0.1-5.0 µm. 
In Appendix 2 it can be seen that the values of TSP removal efficiencies of ESPs in 
Finnish power plants are usually well over 99 %. Only in grate combustion of wood the 
values are below 98 %. In the emission calculation it was decided to use two different 
ESP options with different efficiencies. The following values of removal efficiencies for 
different size ranges were used: 
ESP_high: 
- 96 % for 0-2.5 µm 
- 99%for2.5-10µm 
- 99.9 %for > 10µm 
ESP low: 
- 93 % for 0-2.5 µm 
- 95%for2.5-10µm 
- 97 % for >10 µm 
The resulting particle size distributions after the ESP are comparable with the 
measurement data of Moisio (1999) and McElroy et al. (1982). 
3.5.3 Combined ESP and other controls 
The emission factors based on annual emission and fuel use quantities in Finnish power 
plants (Appendix 2) indicate that using flue gas desulphurization techniques and/or 
fabric filters combined with ESP result in considerably lower emissions than using only 
ESP. The emission factors of various combinations used in Finland, e.g. ESP + wet flue 
gas desulphurization, ESP + spray dry scrubber + fabric filters and ESP + heat recovery 
scrubber, were aggregated to one emission control option with the same removal 
efficiencies. Removal efficiencies for various particle sizes were expert estimates by the 
author. 
ESP+other: 
- 99 % for 0-2.5 µm 
- 99.7%for2.5-10µm 
- 99.95 %for >10 µm 
Table 1. The calculation parameters used in the emission calculation 
Fuel, comb tech. 
sector 
Unab. TSP 
emission 
factor 
[mg MJ- '] 
Ratio 
unabated 
PM I O/TSP 
[%] 
Ratio 
unabated 
PM2.5/TSP 
[%] 
Applicable 
emission 
controls 
Removal 
efficiency 
for TSP 
[%] 
Removal 
efficiency 
for PM 10 
[%] 
Removal 
efficiency 
for PM2.5 
[%] 
Controlled 
TSP emission 
factor 
[mg MY'] 
Controlled 
PM I0 emission 
factor 
[mg MJ'] 
Controlled 
PM2.5 emission 
factor 
[mg MY'] 
Coal, PF, PP and IN 4500 52% 6% ESP_high 99.3 % 98.7 % 96.0 % 33.7 31.5 10.8 
ESP+other 99.8 % 99.6 % 99.0 % 10.0 8.9 2.7 
Coal, FB, IN 5750 26% 5% ESP_high 99.5 % 98.4 % 96.0 % 27.8 23.6 11.5 
Coke*, IN 4500 52% 6% ESP_high 99.3 % 98.7% 96.0% 33.7 31.5 10.8 
Peat, PF, PP 3000 52% 6% ESP_high 99.3 % 98.7 % 96.0 % 22.4 21.0 7.2 
Peat, FB, PP and IN 3350 26% 5% ESP_high 99.5 % 98.4 % 96.0 % 16.2 13.7 6.7 
Wood, 113, PP and IN 2000 26% 5% ESP_high 99.5 % 98.4 % 96.0 % 9.7 8.2 4.0 
Wood, grate, IN 875 26% 5% Cyclone 83.8 % 66.2 % 50.0 % 141.8 77.0 21.9 
ESP low 96.4% 94.6% 93.0% 31.7 12.3 3.1 
Municipal waste*, PP 2000 26% 5% ESP_high 99.5 % 98.4 % 96.0 % 9.7 8.2 4.0 
Black liquor, recovery 5800 90% 60% ESP_high 97.3 % 97.0 % 96.0 % 157.2 156.6 139.2 
boiler, IN ESP+other 99.3 % 99.2 % 99.0 % 40.3 40.0 34.8 
Heavy fuel oil, burner 32 86% 56% Cyclone 61.6 % 57.0 % 50.0 % 12.3 11.8 9.0 
PP and IN 
Light fuel oil, burner 70 50% 12% Cyclone 77.6 % 65.2 % 50.0 % 15.7 12.2 4.2 
PP and IN 
Wood, stoves, DOM 30 - 1000 100% 96% - 0% 0% 0% 30 - 1000 30 - 1000 29 - 960 
Heavy fuel oil, DOM 20 62% 23% - 0% 0% 0% 20.0 12.4 4.6 
Light fuel oil, DOM 1.5 55% 42% - 0% 0% 0% 1.5 0.8 0.6 
Peat, DOM 350 100% 96% - 0% 0% 0% 350.0 350.0 336.0 
Coal, DOM 250 100% 96% - 0% 0% 0% 250.0 250.0 240.0 
*For the emissions from coke and waste combustion there were no data available, and the estimates of the PF coal and FB wood combustion, correspondingly, were used. 
PP refers to fuel combustion in power plants 
IN refers to fuel combustion in industry 
DOM refers to fuel combustion in domestic sector 
ESP_high and ESP_low refer to high and low efficiency electrostatic precipitators respectively 
ESP+other refers to ESP combined with other emission reduction technologies, e.g. flue gas desulphurization and/or fabric filters 
ö, 
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3.6 Use of emission control technologies 
The percentages of stationary sources equipped with emission control technologies 
(penetration percentages) in 1990 and 1995 were estimated using national literature 
(Ohlström 1998), the Finnish register on air pollution permits VAHTI (Korkia-Aho et 
al. 1995) or expert estimates by the author. VAHTI is a database of the Finnish 
environment administration containing information on all the Finnish emission point 
sources exceeding the capacity of 5 MWth. 
In 1990 most of the Finnish power plants and industrial boilers combusting solid fuels 
were equipped with particulate emission controls. The estimates of penetration 
percentages of different technologies, however, are quite uncertain, especially for the 
peat, wood and black liquor combustion sectors. They are based on expert estimates by 
the author and the VAHTI database, which does not contain full data on controls in 
1990. 
The penetration percentages of control technologies in 1995 were mainly estimated 
using the report of Ohlström (1998). These numbers are less uncertain than the 
estimates for 1990. However, for the combustion of wood and black liquor the estimates 
are partly based on the VAHTI database and estimates by the author, and therefore 
retain more uncertainties. 
Table 2. The percentages of the use of emission control technologies (penetration) in 
Finland in 1990 and 1995 
Fuel, comb. tech., sector 	Emission controls 	Penetration in 1990 [%] 	Penetration in 1995 [%] 
in use in 1990 
Coal, PF, PP ESP_high 90% 18% 
ESP+other 10% 82% 
Coal, PF, IN ESP_high 100% 100% 
Coal, FB, IN ESP_high 100% 100% 
Coke, IN * ESP_high 100% 100% 
Peat, PF, PP ESP_high 100% 100% 
Peat, FB, PP and IN ESP_high 100% 100% 
Wood, FB, PP and IN ESP_high 100% 100% 
Wood, grate, IN Cyclone 60% 50% 
ESP low 40% 50% 
Municipal waste, PP * ESP_high 100% 100% 
Black liquor, recovery boiler, ESP_high 90% 10% 
IN ESP+other 10% 90% 
Light and heavy fuel oil, boiler Cyclone 0% 0% 
PP and IN 
Wood, peat, coal, oil, DOM - - 
*For  the emissions from coke and waste combustion there were no data available, and the estimates of the 
PF coal and FB wood combustion, correspondingly, were used. 
PP refers to fuel combustion in power plants 
IN refers to fuel combustion in industry 
DOM refers to fuel combustion in the domestic sector 
ESPhigh and ESP_low refer to high and low efficiency electrostatic precipitators 
ESP+other refers to ESP combined with other emission reduction technologies, e.g. flue gas 
desulphurization and/or fabric filters 
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4 RESULTS 
4.1 Unabated emissions 
The Finnish unabated emissions of TSP, PMI0 and PM2.5 from stationary combustion 
sources in 1990 and 1995 were calculated (Table 3 and Figure 1). `Unabated' means 
hypothetical emissions that would have resulted if no emission control technologies 
were used. 
The unabated emissions have increased from 1990 to 1995 along the increased use of 
solid fuels. Combustion of black liquor and solid fuels in power plants and industry 
produces 99 % of the total unabated TSP emissions. Black liquor combustion causes 
about 85 % of the total unabated PM2.5 emissions. The total unabated emissions of 
PM2.5 account for less than 30 % of the total unabated TSP emissions. 
4.2 Actual emissions 
The Finnish emissions of TSP, PM10 and PM2.5 after particle control equipment from 
stationary combustion sources in 1990 and 1995 were calculated (Table 4 and Figure 2). 
The results can be found in more sectoral detail in Appendix 3. 
It can be seen that particulate emissions are effectively controlled in power plants and 
industry. Already in 1990 almost all large boilers combusting solid fuels were equipped 
with electrostatic precipitators. The emissions from power plants and industry have 
decreased from 1990 to 1995, especially in coal and black liquor combustion sectors, 
although the primary energy use and unabated emissions have increased. The decrease 
was mainly due to introduction of flue gas desulphurization technologies that reduce 
also particulate emissions. In 1995 the overall removal efficiencies were higher than 99 
% for TSP and higher than 98 % for PM2.5. Black liquor combustion causes the highest 
PM2.5 emissions in industry. 
The emissions from domestic wood combustion are high, especially for PM2.5. 
Emission control measures are not commonly utilized in small-scale combustion in the 
domestic sector, and emission factors in some cases are high. These emissions have 
slightly decreased from 1990 to 1995. The amount of wood burning in the domestic 
sector has remained constant, but the average emission factor has slightly decreased due 
to renewal of fire places. In 1995 domestic wood combustion accounted for more than 
half of the stationary combustion based PM2.5 emissions. Taking into account also 
traffic sources and industrial processes, that are the other important sources of primary 
PM2.5, domestic wood combustion accounted for roughly 40%, and fuel combustion in 
power plants and industry about 20% of the total primary PM2.5 anthropogenic 
emissions in Finland in 1998 (Hilden et al. 2001, Syri et al. 2001). 
The combustion based particulate emissions from stationary sources are mainly fine 
particles. In power plants and industry, the emissions of PM2.5 account for more than 
half of the TSP emissions. For domestic combustion the corresponding figure is more 
than 90 %. 
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700 
600 
500 
400 
Y 
300 
200 
100 
0 
D Domestic 
combustion 
O Power plants 
and 
combustion 
in industry 
TSP PM2.5 	 TSP PM2.5 
PM10 PM1O 
coal peat wood black oil 	 coal peat wood black oil 
liquor 	 liquor 
Figure 1. The Finnish unabated (hypothetical) emissions of TSP, PMIO and PM2.5 from 
stationary combustion sources in 1990 and 1995 divided by fuels 
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Table 3. The Finnish unabated (hypothetical) emissions of TSP, PM10 and PM2.5 from 
stationary combustion sources in 1990 and 1995 
1990 	 1995 
TSP PMIO PM2.5 	TSP PMIO PM2.5 
Power plants and fuel 1291 830 347 1548 983 433 
combustion in industry 
- 	Coal 587 301 35 594 304 35 
- 	Peat 160 67 9.0 235 85 13 
- 	Wood 39 10 2.0 83 22 4.2 
- 	Black liquor 501 450 299 634 570 379 
- 	Oil 2.9 2.2 1.3 2.2 1.7 1.0 
Domestic 16 16 15 15 15 14 
- 	Coal 0.09 0.09 0.09 0.02 0.02 0.02 
- 	Peat 0.27 0.27 0.26 0.31 0.31 0.30 
- 	Wood 15 15 15 14 14 14 
- 	Oil 0.53 0.31 0.16 0.21 0.12 0.07 
SUM 1307 846 362 1563 998 447 
19.9 
5.5 
3.1 
2.6 ---- 
2.3 
1.2 
16 
12 
Y 
8 
4 
n 
0 Domestic 
combustion 
❑ Power plants 
and 
combustion 
in industry 
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Table 4. The Finnish TSP, PM10 and PM2.5 emissions from stationary combustion 
sources in 1990 and 1995 
1990 	 1995 
TSP PM10 PM2.5 	TSP PM10 PM2.5 
Power plants and fuel 
combustion in industry 
- Coal 
- Peat 
- Wood 
- Black liquor 
- Oil 
Domestic combustion 
- Coal 
- Peat 
- Wood 
- Oil 
SUM 
1990 
20 
14 12 7.5 
2.4 2.2 0.74 
1.4 1.2 0.51 
2.2 1.2 0.40 
5.7 5.6 4.9 
2.2 1.7 1.0 
15 15 14 
0.02 0.02 0.02 
0.32 0.32 0.30 
14 14 14 
0.21 0.12 0.07 
29 27 22 
24 21 14 
4.1 3.8 1.3 
1.0 0.9 0.4 
3.1 1.6 0.5 
13 12 11 
2.9 2.2 1.3 
16 16 15 
0.09 0.09 0.09 
0.27 0.27 0.26 
15 15 15 
0.53 0.31 0.16 
40 	37 	30 
1995 
16 
12 
8 
4 
20.0 
li 
15.7 
5.8 E.. 
----- 3.8 
v TSP PM2.5 	 TSP PM2.5 
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coal peat wood black oil other 	 coal peat wood black oil other 
liquor 	boilers liquor 	boilers 
Figure 2. The Finnish TSP, PM10 and PM2.5 emissions from stationary combustion sources in 
1990 and 1995 divided by fuels. The TSP values in the national statistics (Statistics Finland 
2000; pers. comm., K. Grönfors, Statistics Finland, 20 February 2001) are presented as dotted 
lines and numbers. The statistics values for black liquor include also non-combustion based 
process emissions from paper pulp production. The category `other boilers' in the statistics 
refers mainly to the co-combustion of peat and wood. In this study the emissions from co-
combustion of several fuels are allocated to the fuels. 
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4.3 TSP emissions from calculations and statistics 
Figure 2 shows also a comparison for the calculated TSP values and the values in the 
Finnish statistics (Statistics Finland 2000; pers. comm., K. Grönfors, Statistics Finland, 
20 February 2001). The emission values in the statistics are based on ILMARI, which is 
an air emission calculation model of Statistics Finland. ILMARI calculates emissions 
plant-by-plant basis from about 2200 combustion and industrial processes (Statistics 
Finland 1998). 
It can be seen, in general, that there is a relatively good agreement between the 
calculations and the statistics. Especially the emission values for 1995 for the fuels used 
mainly in power plants (i.e. other than wood) are well convergent. The greatest 
difference is for peat combustion, where the calculated value is 42 % higher than 
statistics. The category `other boilers' in the statistics refers mainly to the co-
combustion of peat and wood. In the calculations in this study the emissions from co-
combustion of several fuels are allocated to the fuels. Therefore the calculated and 
statistics values are not fully comparable for peat and wood. 
The calculations underestimate the emissions in 1990 when compared to the values in 
the statistics. The greatest differences are in peat and coal combustion (calculated values 
70 % and 28 %, correspondingly, lower than the statistics). The differences in 1990 
values result probably mainly from the uncertain estimates of penetration percentages of 
control technologies (see Chapter 3.6). 
The calculations give lower emissions for domestic wood combustion than the statistics 
both in 1990 and 1995. However, the greatest uncertainty in the calculations lies 
particularly in domestic wood combustion. Particulate emission factors given in various 
measurement studies for various stove types have very large range. Furthermore, the 
estimates on the use of different types of wood combustion appliances retain 
considerable uncertainties (see chapter 3.3.2). Thus the emission values from domestic 
wood combustion are very uncertain. Naturally the values in the statistics encounter the 
same problem of uncertainty in the emission factors. The emission calculation in the 
ILMARI model uses only one estimate on average emission factor for domestic wood 
combustion. (pers. comm., K. Grönfors, Statistics Finland, 19 July 2000) 
5 DISCUSSION AND CONCLUSIONS 
Formation of particles of different sizes in combustion processes is a complicated 
process which is not yet entirely known. Particulate emissions and particle size 
distributions of the emissions are not widely studied in many types of emission sources, 
and more research and in situ measurements are needed. Furthermore, emission factors 
of similar kind of emission sources may vary widely, depending on e.g. fuel qualities, 
combustion conditions and utilized combustion technologies. However, in order to 
provide supporting tools for environmental policy making, it is important to be able to 
estimate contributions of various emission sources and identify potentials for emission 
reductions. This study surveyed information in the literature in order to determine 
emission factors of particles of different sizes for stationary combustion sources. 
Finnish primary emissions of total suspended particles (TSP), PM10 and PM2.5 from 
stationary combustion sources in 1990 and 1995 were calculated. The calculation results 
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for TSP were compared to the values presented in the Finnish statistics. The results 
were well convergent. 
The combustion based particulate emissions from stationary sources are mainly fine 
particles. The total emissions of PM2.5 account for more than 70 % of the mass of total 
TSP emissions. The emission factors of PM 10 and PM2.5 were calculated from TSP 
emission factors based on typical particle size distributions of various combustion 
technologies available in the literature. For many sectors the emission factor fractions 
PM10/TSP and PM2.5/TSP were based on very few number of measurements. 
Therefore the results for PM1O and PM2.5 should be regarded as a first attempt to 
overall estimation of fine particulate emissions. In the future, the emission estimates 
should be adjusted and corrected as new information arises. 
The emissions from power plants and industry have decreased from 1990 to 1995, 
despite the increase in both primary energy use and unabated emissions. The average 
emission control efficiencies have improved during early 1990s in coal and black liquor 
combustion mainly due to introduction of flue gas desulphurization (FGD) technologies 
that reduce also particulate emissions. The overall removal efficiencies were higher than 
99 % for TSP and higher than 98 % for PM2.5 in 1995. 
The emission removal efficiencies of emission control technologies vary as a function 
of particle sizes of flue gases. Therefore using the same control appliance for flue gases 
with different particle size distributions results in different removal efficiencies. 
Electrostatic precipitator (ESP), which is the most commonly used particulate removal 
technique, removes particles inefficiently in a size range of about 0.1-3.0 µm. If the 
particles in the flue gases are mainly on this size range, the overall TSP removal 
efficiency is lower than in the case with mainly coarse size particles. 
The particulate emissions from domestic wood burning, usually not being equipped 
with emission controls, are high. Also the uncertainties in the emission factors for the 
domestic sector are high. The age and the combustion technology of the fireplaces have 
a strong influence on emission levels. The division of domestic wood combustion sector 
to the different types of combustion devices with different emission factors carried out 
in this study should be considered more as a basis for future work rather than final 
results. More research is needed on both emission measurements and adjustment of the 
information on the use of different types of fireplaces. Based on the current results, 
domestic wood combustion accounted for more than half of the stationary combustion 
based primary PM2.5 emissions in Finland in 1995. Furthermore, the emissions occur at 
low emission heights causing an immediate human exposure. The health-related effects 
may become important especially in cold winter days in residential areas where wood 
heating is common. Utilization of small-scale wood combustion, being a renewable way 
of energy production, has been considered to be one of the most potential ways to 
reduce greenhouse gases in many countries. Therefore it would be crucial to be able to 
estimate other foreseeable health effects related to small-scale wood combustion, and 
link the results to the general environmental policy-making. 
This study did not include combustion based emissions from traffic sources or non-
combustion based emissions from industrial processes or other dust sources, e.g. non-
exhaust emissions from traffic, agriculture, construction and natural sources. From 
these, traffic exhaust emissions and industrial processes are important sources for 
primary fine particles, and they cause less than half of the total primary PM2.5. 
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APPENDIX 1. ACTIVITY DATA IN FINLAND IN 1990 AND 1995 
Table  Al. Primary energy consumption in stationary combustion sources in Finland in 1990 
primary energy fuel industry industry 	industry domestic power plants power plants power plants power plants 	SUM 
[Pi a-, ] conversion boilers boilers 	other comb. before 1990 before 1990 after 1990 after 1990 
combustion 
I990 pulverized fuel 	fluidized 	furnaces stoves etc. pulverized fuel fluidized bed pulverized fuel fluidized bed 
others* bed 	etc. others* others* 
peat 0 9.1 	9.1 	 0 0.8 23 10 0 	 0 52 
hard coal 0 17 3.0 5.4 0.4 96 0 0 0 122 
coke 0 0 	 0 	7.5 0 0 0 0 	 0 7.5 
wood 0 29 5.0 0 45 1.5 1.5 0 0 81 
black liquor! 0 86 	 0 	 0 0 0 1.2 0 	 0 87 
waste 
heavy fuel oil 4.0 36 	 0 	8.1 15 17 0 0 	 0 80 
medium 0 Il 	 0 0.7 74 1.0 0 0 0 86 
distillates 
light fractions 0 0.5 	 0 	 6 0.3 0 0 0 	 0 6.8 
gas 16 52 0 16 1.8 37 0 0 0 123 
SUM 20 240 	 17 	 44 137 176 13 0 	 0 646 
Division of domestic wood comb.: 	- kitchen&iron stoves, open hearths 6 
- baking ovens, accumulating 26 
hearths, stoves for sauna 
- modern accumulating hearths, 13 
heating boilers 
- modern heating boilers 0 
*grates in wood combustion, recovery boilers in black liquor combustion and burners in oil combustion 
N 
J 
Table A2. Primary energy consumption in stationary combustion sources in Finland in 1995 
primary energy 	fuel 	industry industry industry 	domestic power plants 	power plants power plants 	power plants 	SUM 
[Pi å'] 	conversion 	boilers boilers other comb. before 1990 	before 1990 after 1990 after 1990 
combustion 
1995 	 pulverized fuel fluidized furnaces 	stoves etc. pulverized fuel 	fluidized bed pulverized fuel 	fluidized bed 
others* bed etc. others* others* 
peat 0 0 	 17 	 0 0.9 31 14 0 I1 74 
hard coal 0 18 3.0 5.7 0.1 84 0 I5 0 126 
coke 0 0 	 0 	4.7 0 0 0 0 0 4.7 
wood 0 22 24 0 45 0 3.5 0 4.4 99 
black liquor / 0 109 	 0 	 0 0 0 0.9 0 0 110 
waste 
heavy fuel oil 5.0 24 	 0 	6,0 4.9 I5 0 0.3 0 55 
medium 0 7.2 0 0 74 1.3 0 0 0 82 
distillates 
light fractions 0 0.6 	 0 	6.4 0 0 0 0 0 7.4 
gas 18 58 0 22 2.4 49 0 II 0 161 
SUM 23 239 	 44 	 45 127 180 19 27 16 720 
Division of domestic wood comb.: 	- kitchen&iron stoves, open hearths 6 
- baking ovens, accumulating 22 
hearths, stoves for sauna 
- modern accumulating hearths, 17 
heating boilers 
- modern heating boilers 0 
*grates in wood combustion, recovery boilers in black liquor combustion and burners in oil combustion 
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APPENDIX 2. FINNISH DATA ON EMISSION FACTORS IN 
POWER PLANTS 
Table A3 presents a summary of national background data on TSP emission factors in 
power plants and industry divided by fuels and combustion techniques. The actual 
emission factors, as well as the removal efficiencies, are also divided by control 
technologies and, in the case of coal power plants, by capacity size ranges. The division 
into capacity size ranges was done in cases the emission factors differed considerably in 
boilers with different capacities. The reported emission factors were calculated by 
Ohlström (1998) from annual emission and fuel use quantities in 1995 reported by 
Finnish power plants. They are given here as averages, and the range of variation in 
each of the categories is presented as well. The range for removal efficiencies of particle 
control technologies were calculated from the averages of actual emission factors and 
the range presented for unabated emission factors (the bold numbers). 
In the emission calculation, arithmetic average values of the ranges presented in Table 
A3 in column 2 were used as unabated TSP emission factors for power plants and 
industry. For the combustion of oils, however, the average values of the reported TSP 
emission factors in 1995 (column 5) were used. Since there were no emission controls 
in use in the oil boilers, the reported emission factors could be used also as unabated 
emission factors. The TSP removal efficiencies used in the calculation were compared 
to the removal efficiencies in column 7. All the emission factor and removal efficiency 
values used in the calculation can be found in Table 1. 
,able A3. A summary of the national data used in the estimation of TSP emission factors and removal 
.fficiencies in power plants and industrial boilers. 
(1) 	 (2) (3) (4) (5) (6) (7) 
Fuel / combustion 	Unabated Emission Capacity Reported Fuel Removal 
technology 	 emission factor removal range emission consumption efficiency range 
range [mg MJ-1] technologies [MW] factor: in 1995 in calculated from 
(Lammi et al. average / the plants the emission 
1993) range in 1995 with factors in (2) 
[mg MJ-1] emission and (5) (the 
(Ohlström factors in (5) bold numbers) 
1998) [PJ] [%] 
Coal / PF 3600-5400 ESP 50-300 67 /40-110 18 98.1-98.8 
300-500 23 / 16-24 7 99.4-99.6 
ESP+wet FGD >300 6 /4-10 35 99.8-99.9 
ESP+spray 50-500 10 / 5-15 21 99.7-99.8 
dry+fabric >500 3 / 3 12 99.92-99.94 
ESP+wet >500 2 / 2 16 99.94-99.96 
FGD+ 
fabric+SCR 
Coal / FB 4300-7200 ESP 50-300 24 / 17-26 3 99.4-99.7 
Peat / PF 2000-4000 ESP 50-500 29 / 7-69 31 98.6-99.3 
Peat/FB 2200-4500 ESP 50-500 16/4-63 24 99.3-99.6 
Wood / FB 1000-3000 ESP 50-300 18 / 1-100 17 98.2-99.4 
Wood/grate 250-1500 ESP 5-300 40/5-100 10 84.0-97.3 
cyclone 5-300 125 / 15-380 8 50.0-91.7 
Black liquor / 3300-8300 ESP+ heat 50-500 30 / 3-89 106 99.1-99.7 
recovery boiler rec. scrubber* 
Heavy fuel oil / burner 25-150 - 5-50 32 / 1-390 7 - 
Light fuel oil/burner Tower than for HF - 0-50 70/3-100 0.6 - 
APPENDIX 3. THE FINNISH EMISSIONS OF TSP, PM10 AND PM2.5 
Table A4. The Finnish emissions of TSP from stationary combustion sources in 1990 
TSP emission fuel industry industry industry domestic power plants power plants power plants power plants SUM 
[t a-'] conversion boilers boilers other comb. before 1990 before I990 after 1990 after 1990 
combustion 
1990 pulverized fuel fluidized furnaces stoves etc. pulverized fuel fluidized bed pulverized fuel fluidized bed 
others* bed etc. others* others* 
peat 0 204 148 0 270 518 162 0 0 1301 
hard coal 0 582 83 182 93 3015 0 0 0 3955 
coke 0 0 0 252 0 0 0 0 0 252 
wood 0 2785 48 0 15170 207 14 0 0 18225 
black liquor/ 0 12512 0 0 0 12 0 0 0 12524 
waste 
heavy fuel oil 128 1 139 0 259 307 550 0 0 0 2383 
medium 0 735 0 49 III 68 0 0 0 963 
distillates 
SUM 128 17958 279 742 15950 4370 176 0 0 39604 
*grates in wood combustion, recovery boilers in black liquor combustion and burners in oil combustion 
Table A5. The Finnish emissions of TSP from stationary combustion sources in 1995 
TSP emission fuel industry industry industry domestic power plants power plants power plants power plants SUM 
[t a- '] conversion boilers boilers other comb. before 1990 before 1990 after 1990 after 1990 
combustion 
1995 pulverized fuel fluidized furnaces stoves etc. pulverized fuel fluidized bed pulverized fuel fluidized bed 
others* bed etc. others* others* 
peat 0 0 271 0 315 696 232 0 185 1698 
hard coal 0 616 83 192 23 1197 0 154 0 2265 
coke 0 0 0 158 0 0 0 0 0 158 
wood 0 1908 232 0 14430 0 34 0 43 16646 
black liquor! 0 5668 0 0 0 9 0 0 0 5676 
waste 
heavy fuel oil 160 768 0 192 98 474 0 10 0 1701 
medium 0 504 0 0 I10 91 0 0 0 705 
distillates 
SUM 	 160 	9463 	 587 	542 	14976 	2466 	 266 	 163 	 227 	 28850 
*grates in wood combustion, recovery boilers in black liquor combustion and burners in oil combustion 
w 
0 
Table A6. The Finnish emissions of PM 10 from stationary combustion sources in 1990 
PM I0 emission fuel industry industry industry domestic power plants power plants power plants power plants SUM 
[t a'] conversion boilers boilers other comb. before 1990 before 1990 after 1990 after 1990 
combustion 
1990 pulverized fuel fluidized furnaces stoves etc. pulverized fuel fluidized bed pulverized fuel fluidized bed 
others* bed etc. others* others* 
peat 0 191 125 0 270 484 137 0 0 1207 
hard coal 0 545 71 170 93 2818 0 0 0 3696 
coke 0 0 0 236 0 0 0 0 0 236 
wood 0 1456 41 0 15170 112 12 0 0 16792 
black liquor / 0 12465 0 0 0 20 0 0 0 12485 
waste 
heavy filel oil 1 10 980 0 223 190 473 0 0 0 1976 
medium 0 368 0 25 61 34 0 0 0 487 
distillates 
SUM 110 16005 237 654 15783 3941 149 0 0 36879 
*grates in wood combustion, recovery boilers in black liquor combustion and burners in oil combustion 
Table AT The Finnish emissions of PM 10 from stationary combustion sources in 1995 
PM 10 enfission 
[t a''] 
1995 
fuel 
conversion 
combustion 
industry 
boilers 
pulverized fuel 
others* 
industry 
boilers 
fluidized 
bed 
industry 
other comb. 
furnaces 
etc. 
domestic 
stoves etc. 
power plants 
before 1990 
pulverized fuel 
others* 
power plants 
before 1990 
fluidized bed 
power plants 
after 1990 
pulverized fuel 
others* 
power plants 
after 1990 
fluidized bed 
SUM 
peat 0 0 229 0 315 651 196 0 157 1548 
hard coal 0 576 71 180 23 1090 0 137 0 2076 
coke 0 0 0 148 0 0 0 0 0 148 
wood 0 982 197 0 14430 0 29 0 36 15673 
black liquor/ 0 5633 0 0 0 15 0 0 0 5648 
waste 
heavy fuel oil 138 660 0 165 61 407 0 8 0 1440 
medium 0 252 0 0 61 46 0 0 0 358 
distillates 
SUM 138 8104 497 493 14889 2209 225 145 193 26891 
*grates in wood combustion, recovery boilers in black liquor combustion and burners in oil combustion 
industry 	domestic 	power plants 	power plants 	power plants 	power plants 	SUM 
other comb. before 1990 	before 1990 
	
after 1990 after 1990 
furnaces 	stoves etc 	pulverized fuel fluidized bed 
	
pulverized fuel 	fluidized bed 
etc. 	 others* 
	
others* 
0 259 
58 89 
81 0 
0 14563 
0 0 
145 71 
6 47 
166 67 
963 0 
0 0 
32 6 
5 0 
308 0 
8 0 
0 	 0 
0 0 
0 	 0 
0 0 
0 	 0 
0 	 0 
0 0 
618 
1331 
81 
15030 
I1078 
I233 
149 
industry 	domestic 
other comb. 
furnaces 	stoves etc 
etc. 
power plants 	power plants 
before 1990 	before 1990 
pulverized fuel fluidized bed 
others* 
power plants 	power plants 
after 1990 after 1990 
pulverized fuel 	fluidized bed 
others* 
w 
SUM 
	 N 
0 302 
62 22 
51 0 
0 13853 
0 0 
108 23 
0 46 
223 96 
349 0 
0 0 
0 14 
4 0 
265 0 
11 0 
0 76 
42 0 
0 0 
0 18 
0 0 
5 	 0 
0 0 
810 
706 
51 
14255 
4935 
920 
118 
I'able A8. The Finnish emissions of PM2.5 from stationary combustion sources in 1990 
PM2.5 emission fuel industry industry 
[t a'] conversion boilers boilers 
combustion 
1990 pulverized fuel fluidized 
others* bed 
peat 0 66 61 
hard coal 0 187 35 
coke 0 0 0 
wood 0 409 20 
black liquor / 0 1 1073 0 
waste 
heavy fuel oil 72 638 0 
medium 0 88 0 
distillates 
SUM 	 72 	 12461 	 115 	290 	15028 	1482 	 73 	 0 	 0 	 29521 
*orates in wood combustion, recovery boilers in black liquor combustion and burners in oil combustion 
Table A9. The Finnish emissions of PM2.5 from stationary combustion sources in 1995 
PM2.5 emission fuel industry industry 
[t a- '] conversion boilers boilers 
combustion 
1995 pulverized fuel fluidized 
others* bed 
peat 0 0 112 
hard coal 0 198 35 
coke 0 0 0 
wood 0 274 96 
black liquor / 0 4931 0 
waste 
heavy fuel oil 90 430 0 
medium 0 60 0 
distillates 
SUM 	 90 	5894 	 242 	220 	14246 	852 	 110 	 47 	 94 	 21794 
*grates in wood combustion, recovery boilers in black liquor combustion and burners in oil combustion 
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